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Abstract 
  This paper is the second of a series of reports that aim to understand how young Japanese female 
college students read the letters of English alphabet. The first work was concerned with the analysis of 
formants F1 and F2 on the basis of the voice signals acquired during the audio recording experiments. 
This work focuses on the qualitative analysis of the pitch modulations that took place throughout the 
utterance production processes. To achieve it, the F0 graphs of the native speakers and Japanese 
students were arranged side by side in order to compare the group patterns of the frequency changes. 
In addition, statistical testing was performed to tease out whether the groups were related to each other. 
It turned out that (1) although the unlikely kindred predominant group patterns, statistical testing led 
to positive outputs for some letters, and (2) in general, the mean values of the groups decreased 
sequentially from the group of social sciences students (NEM-1) to 1st year English language students 
(EM-1) to 2nd year English language students (EM-2) with the latter having values greater than the 
one representing the group of native speakers. 
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1 INTRODUCTION 
 Investigations on pitch of sounds come in many shapes and flavors, resonating the many roles that 
it plays not only in linguistics but also in other fields. In fact, Fujisaki and Kawashima (1968) 
suggested that as much relevant as the higher formants, pitch frequencies would take a significant part 
in the perception process of sounds. Yet, within this scope, Barreda and Nearey (2012) studied the 
relationships between F0 and the vowel perception; and Binns and Culling (2007) focused on the 
perception of speech in an environment under the influence of external disturbances. Actually, there 
have been published experimental results suggesting that F0 would sensitively affect the speech 
perception of cochlear implant users in the presence of noise interfering the reading of sentences 
(Carrol et al., 2012). In this sense, Sugimoto (2014) argued in chapter 7 by presenting some utterance 
generating models that perception of accent is possible due to pitch frequency modulation. 
 In addition, there has been in recent years a great deal of research from the behavioral psychology 
and neurosciences standpoints. For example, Hillenbrand and Clark (2009) examined the influence 
of F0 on the voice recognition mechanism aimed to distinguish whether the utterance was made by 
a male or female. Furthermore, there can be found in the vast scientific literature some reports going 
deeper into the neural structure responsible for processing pitch information (see for example 
Patterson and Johnstrude (2012), and Zatorre and Gandour (2008)). 
Bearing on this scenario, it is reasonable to assume that pitch analysis of the utterances is an 
important procedure in providing some useful information that will help us understand how Japanese 
  
learners are articulating their vocal tracts in order to produce the English sounds in the sense 
explained in Titze (1994).  
As a matter of fact, this work is concerned with the pitch analysis of sounds corresponding to the 
reading of the letters of English alphabet. As in the authors’ previous reports (Izuta, 2013; Izuta, 
2014a; Izuta, 2014b), there were four groups of subjects; namely, 1st year students enrolled in social 
sciences course (hereafter referenced as NEM-1), 1st year students (EM-1 for short) and 2nd year 
students (or mnemonically, EM-2) from the English language department, and a group of native 
speakers of North American English language. The sounds of the native speakers were basically 
acquired from a well-known video-sharing web site and some other online dictionaries on the internet. 
Then the data set of each group was gathered in a single graph for each letter of the alphabet and laid 
out for the sake of qualitative comparison of the frequency modulation patterns; and statistical testing 
considering the mean and standard deviation values was performed pair wisely to find out whether the 
groups were similar or not. As a byproduct of the data processing, a graph of the number of pulses per 
second complemented the array of graphs. It turned out that the statistical testing yielded similarity 
between the groups of students and native speakers despite the fact that some pitch graphs had 
frequency variation patterns differing largely from each other. Another interesting result was that, in 
general, the mean values of the groups of students were such that they approximated the value of the 
group of natives according to the following order: NEM-1, EM-1 and EM-2. In other words, the more 
the students got acquainted with English language, their mean values of pitch frequencies got closer to 
the value of the group of native speakers. 
Finally, the remainder of the paper is organized as follows: the experimental protocol is given in 
section 2; the results in section 3; and the discussions in section 4. 
2 EXPERIMENTAL PROTOCOL 
 This section describes the experimental setup used to carry out the investigations. It is essentially 
composed by the same equipment and data acquisition procedures of the previous studies. A brief 
overview is given hereafter for the interest of making the paper self-contained.  
2.1  Subjects  
Female college students aging from 18 to 21 were recruited and asked to read the English alphabet 
paying attention to the production of the utterances, which were required to mimic as possible as what  
they had learned so far in English classes. These voice sounds were grouped according to the 
affiliation of the subjects as NEM-1 for social sciences students, EM-1 for 1st year English course 
students, and EM-2 for 2nd year English department students. Medical history related to audio-visual 
problems and language experience level as studying abroad and in extracurricular English courses 
were also controlled within the groups.  
2.2  Data acquisition  
The subjects were instructed to train the phonics of English alphabet by listening to North American 
phonics broadcast over the internet (Cambridge, 2004; Collins, 2014; forvo, 2014; Weblio, 2014) as 
well as other resources as CDs that came with English textbooks. Data recordings and acquisitions 
were then performed.  
The electronic apparatus consisted basically of a personal computer running on a 2.5 GHz Intel 
Pentium processor. Moreover, a commercial multi-channel sound mixer TASCAM US-322, which had 
plugged to it an electronic condenser microphone SONY ECM-PCV800, was connected to the 
computer. The software environment was basically the freeware SoundEngine running on Microsoft 
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 Focusing on the EM-2 
plots, Fig 22 tells us that the 
main bunch of points were 
composed by graphs 
describing parabola-like 
curves in the interval 
ranging from 0% to 75%; 
and another collection of 
irregularly distributed points 
mainly in the second half of 
the horizontal axis. 
In order to perform the 
statistical testing, the values 
of mean and standard 
deviation of NEM-1 (227.2 
s 13.1), EM-1 (228.6 ± 
16.8), and EM-2 (212.2 ± 
17.5) were compared with 
the group of natives (170.4 
± 6.1) as well as one against 
the other taken in pairs. The 
results showed that the 
groups of students taken 
pair-wisely were 
statistically similar. Now, 
none of these groups came 
up statistically positive for 
similarity of mean values 
when benchmarked against 
the group of native 
speakers. 
 The number of pulses per 
second depicted in Fig 24 
suggests that the points 
belonging to NEM-1 group 
were lesser scattered than 
those pertaining to EM-1 
and EM-2 groups. In 
addition, points of the 
natives are compactly 
agglutinated if the point at 
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Fig 23. Statistical testing for D. Asterisk * means significant difference 
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The mean and standard 
deviation values considered 
for statistical testing were as 
presented in Fig 29. As a 
matter of fact, NEM-1 was 
224.7 ± 13.0 whereas EM-1 
and EM-2 were 228.7 ± 
17.8 and 207.4 ± 20.2, 
respectively; and the group 
of native speakers had 206.4 
± 21.7. The results suggest 
that independent of the pairs 
taken for testing, they were 
statistically similar. This 
fact implies that all the 
groups of students were 
statistically similar to the 
group of native speakers. 
Note here that the testing 
was a comparison of the 
mean values of the groups 
and not the pattern variation 
of the pitch frequencies. 
This similarity of the 
groups is seen if the outlier 
is ruled out (Fig 30). Yet, 
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Fig 29. Statistical testing for E. Asterisk * means significant difference 
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Fig 33. Letter F. Plots of the group of 1st year English department students.  
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Fig 63. Letter K. Plot
s of the native speakers. 
s of the group of social sciences stude
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Fig 66. Letter K. �: N
English.  
s of the group of 2nd year English dep
ing for K. Asterisk * means significan
nds for ‘Not Significant’. 
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Fig 69. Letter L. Plots
 of the native speakers. 
 of the group of social sciences stude
 
 of the group of 1st year English depa
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Fig 72. Letter L. �: N
English.  
 of the group of 2nd year English dep
ing for L. Asterisk * means significan
nds for ‘Not Significant’. 
 
EM-1; �: EM-1; □: EM-2; ●: nativ
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 The letter M pronounced 
by the native speakers led to 
the graphs of pitch 
frequencies as given in Fig 
73. The outlining of the 
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Fig 75. Letter M. Plots of the group of 1st year English department students.  
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Fig 78. Letter M. �: 
English.  
s of the group of 2nd year English dep
ing for M. Asterisk * means significa
nds for ‘Not Significant’. 
 
NEM-1; �: EM-1; □: EM-2; ●: nativ
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Fig 81. Letter N. Plot
s of the native speakers. 
s of the group of social sciences stude
 
s of the group of 1st year English depa
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Fig 84. Letter N. �: N
English.  
s of the group of 2nd year English dep
ing for N. Asterisk * means significan
nds for ‘Not Significant’. 
 
EM-1; �: EM-1; □: EM-2; ●: nativ
artment students. 
t difference 
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Fig 87. Letter O. Plot
s of the native speakers. 
s of the group of social sciences stude
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Fig 90. Letter O. �: N
English.  
s of the group of 2nd year English dep
ing for O. Asterisk * means significan
nds for ‘Not Significant’. 
 
EM-1; �: EM-1; □: EM-2; ●: nativ
artment students. 
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Fig 93. Letter P. Plots
 of the native speakers. 
 of the group of social sciences stude
 
 of the group of 1st year English depa
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Fig 96. Letter P. �: N
English.  
 of the group of 2nd year English depa
ing for P. Asterisk * means significan
nds for ‘Not Significant’. 
 
EM-1; �: EM-1; □: EM-2; ●: native
rtment students. 
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Fig 99. Letter Q. Plot
s of the native speakers. 
s of the group of social sciences stude
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Fig 102. Letter Q. �:
English.  
ts of the group of 2nd year English de
ting for Q. Asterisk * means signific
nds for ‘Not Significant’. 
 
 NEM-1; �: EM-1; □: EM-2; ●: nati
partment students. 
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Fig 105. Letter R. Plo
ts of the native speakers. 
ts of the group of social sciences stud
 
ts of the group of 1st year English dep
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Fig 108. Letter R. �:
English.  
ts of the group of 2nd year English de
ting for R. Asterisk * means significa
nds for ‘Not Significant’. 
 
 NEM-1; �: EM-1; □: EM-2; ●: nati
partment students. 
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Fig 111. Letter S. Plot
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ts of the group of social sciences stud
 





part of EM-2 did 
great number of 





the production of 
Fig 112 sa
frequencies from 
260 Hz were the p
values; and the gr






that the mean an
deviation values
NEM-1 ranging f
to 281.8, EM-1 f
to 332.6, EM-2 f




and EM-1 as wel
and the group of n
the other com
turned out negativ
113 for details). 
The points of th
of pulses per seco
in Fig 114 were 





This hints to the 





not hold a 
points as 
at it was 
sume that 
ere not 











lic trace.  
o account 
d standard 




 group of 
8 to 225.6; 
ing output 
or NEM-1 
l as EM-2 
atives. All 
binations 








 to 265. 
possibility 


































Fig 114. Letter S. �: 
English. 
ts of the group of 2nd year English dep
ting for S. Asterisk * means significa
stands for ‘Not Significant’. 
NEM-1; �: EM-1; □: EM-2; ●: nativ
artment students. 
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Fig 117. Letter T. Plo
s of the native speakers. 
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Fig 120. Letter T. �: 
English. 
s of the group of 2nd year English dep
ting for T. Asterisk * means significa
 stands for ‘Not Significant’. 
NEM-1; �: EM-1; □: EM-2; ●: nativ
artment students. 
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Fig 123. Letter U. Plo
ts of the native speakers. 
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Fig 126. Letter U. �
English. 
ts of the group of 2nd year English de
sting for U. Asterisk * means signific
stands for ‘Not Significant’. 
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Fig 129. Letter V. Plo
ts of the native speakers. 
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Fig 132. Letter V. �:
English. 
ts of the group of 2nd year English dep
sting for V. Asterisk * means significa
stands for ‘Not Significant’. 
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nt difference 
ve speakers of 
  
3.23 Letter W 
Fig 133 deals 
graphs of the 
natives reading th
The frequencies v
130 Hz to 230 
frequency scale. I
the graphs of th




The time scale v
subject to subj




forms; so that t
had not only two
mostly multiple 
frequency values





graphs fitted in an
frequencies vary















concerns to the g
as seen in Fig 135
with the 
group of 
e letter W. 
aried from 














 peaks but 
maximum 
. Fig 134 
here were 




 area with 
ing from 
z for the 
 8% to 
80%. 
ring this 
he one of 
rs, the 
 students 
rval in a 
on. 
requencies 
Hz to 290 
s almost 
M-1. Not 


































Fig 135. Letter W. Pl
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Fig 138. Letter W. �: 
English. 
s of the group of 2nd year English dep
ing for W. Asterisk * means significa
stands for ‘Not Significant’. 
NEM-1; �: EM-1; □: EM-2; ●: nativ
artment students. 
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Fig 141. Letter X. Plo
ts of the native speakers. 
ts of the group of social sciences stud
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related to the number of 
pulses per second, and it 
reflects to a large extent the 






















Fig 143. Statistical testing for X. Asterisk * means significant difference 











Fig 144. Letter X. 響: NEM-1; 斤: EM-1; �: EM-2; �: native speakers of 
English. 
  
3.25 Letter Y 
The sound of the letter Y 
made by the four native 
speakers produced each a 
very distinct type of curve. 
The pattern could be 
described as being a graph 
with initial value relatively 
higher. From this point on, 
the frequency went down 
and after making a valley 
shaped curve, the 
frequencies moved up until 
it achieved a maximum. 
This peak was held making 
up a plateau-type line, 
whose length depended on 
the graph. Finally, the tail of 
the graph had the 
frequencies going down. 
The frequencies ranged 
from 80 to 225 Hz and the 
time axis ran from 3% up to 
98% as seen in Fig 145. 
As for the frequency range, 
NEM-1 varied from 150 Hz 
to 250 Hz, which gave a bit 
larger section than the 
measured for the group of 
natives. However, since the 
horizontal axis ran from 
10% to 90%, the time 
interval was smaller as 
shown in Fig 146. The 
graphs were arc-like curves 
with mild convexity. 
Fig 147 shows the EM-1 
graphs, which have 
frequencies from 160 Hz 
and 280 Hz for the 
horizontal axis changing 
from 5% to 95% if some 
isolated set of points are left 
out. Moreover, the shapes of 
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Fig 150. Letter Y. �:
English. 
ts of the group of 2nd year English dep
sting for Y. Asterisk * means significa
stands for ‘Not Significant’. 
 NEM-1; �: EM-1; □: EM-2; ●: nati
artment students. 
nt difference 
ve speakers of 
  
3.26 Letter Z 
Some Japanese
read the letter Z 
in American En












say the letter Z t
way because, for
it is easier to 
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From Fig 151, 
that the group 
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frequencies in 
from 100 Hz to 24
the graphs having
the middle of the c
Due to the fact th
the NEM-1 stud
the letter Z in t
way, Fig 152 give
graphs of two 
Their arc-shaped 
frequencies chan
150 Hz to 250 H
time interval limit
to 70%. 
EM-1, as shown 
had frequencies
from 170 Hz to 2
time from 8% to 
sheaf of graphs
characteristics o
and the group 
speakers. 
 students 





















0 Hz with 
 a ridge in 
urves. 
at most of 
ents read 
he British 




z, and the 
ed to 17% 
in Fig 153, 
 varying 
80 Hz and 
85%. The 

































Fig 153. Letter Z. Plo
ts of the native speakers. 
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Fig 156. Letter Z. �:
English. 
ts of the group of 2nd year English de
sting for Z. Asterisk * means significa
stands for ‘Not Significant’. 
 NEM-1; �: EM-1; □: EM-2; ●: nati
partment students. 
nt difference 








and P, and smaller
the time. 
Despite these va
group of native sp
NS 
tterns seen in the graphs above
ch frequencies differently than the
-1 had in average collective mea
 addition, EM-1 was 31.2%, and 
. With a few exceptions for EM-2
 value for the letter R; the student
lues, the number of times that N
eakers was 6 as shown in the righ
Table 1 Summary of the data set
suggested that, in general, the gr
 group of native speakers. The le
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ft part of Table 1 
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s for the letters E 
encies almost all 
ly similar to the 
 scored 20 in all. 
  
However, care should be taken when interpreting these results. In fact, the D X W K RU V¶S U H Y L R X VU H S R UW V
(Izuta, 2014a; Izuta, 2014b) handling the formants F1 and F2 provided the results of statistical testing 
for the formants indicating that the students made variant forms of the utterances when compared to 
the North American English sounds. So, it is worth emphasizing that the right part of Table 1 stands 
for the outputs of a comparison between the groups relying on their mean values.  
Considering these points, the data set of the pitch frequencies indicate that the students had in 
general higher values than the native speakers. Moreover, these frequencies tended to be lower for the 
EM-2 students than NEM-1 and EM-1. Another key point is that although the groups of students were 
statistically similar for some letters, their graphs had different variation patterns, which calls for 
another way to evaluate the pitch frequencies other than the statistical testing carried out here. 
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